STUDY QUESTION: Do oral contraceptives (OCs) and progestins impact live birth rate of IVF when used for cycle scheduling in women with polycystic ovary syndrome (PCOS)?
of either fresh or frozen embryos compared with spontaneous menses. Multivariate logistic regression analysis showed that OCs used for menses induction was associated with lower rate of live birth.
LIMITATIONS, REASONS FOR CAUTION:
The methods for menses induction were not assigned randomly, thus selection bias was highly likely because of the study design and significant differences that were observed in the baseline characteristics of the women in the different groups. The mean BMI in this study population was relatively normal; the applicability of this result to obese PCOS women needs to be evaluated in further study.
WIDER IMPLICATIONS OF THE FINDINGS:
Our results suggest that either waiting for a spontaneous menses or using progestin is a better option than using OCs to induce menses in women with PCOS prior to ovarian stimulation using GnRH antagonist protocol for IVF. Further randomized controlled studies are needed to confirm our findings.
Introduction
Polycystic ovary syndrome (PCOS) is characterized by ovulatory dysfunction, hyperandrogenism and polycystic ovary morphology on ultrasonography (Lizneva et al., 2016) . Oral contraceptives (OCs) are commonly used to resolve the classic symptom(s) of PCOS, such as hirsutism, acne and irregular menses (McCartney and Marshall, 2016) . Progestins are also widely used to induce withdrawal bleed before infertility treatment (Diamond et al., 2012) . However, there has been increasing concern about potential adverse effects of their use on pregnancy outcomes after infertility treatment (Diamond et al., 2012; Legro et al., 2015 Legro et al., , 2016 Jones et al., 2016) . IVF is a common infertility treatment for women with PCOS, and is often used in those who fail to conceive with ovulation induction and those who have concomitant infertility factors.
Due to the feature of oligo-menorrhea and unpredictability of menstrual bleeding in women with PCOS, OCs and progestins are extensively used to schedule the start of an IVF cycle. However, the effects of OCs or progestins pretreatment on outcome of IVF cycle remain inconclusive (Smulders et al., 2010) , especially in PCOS which was often an exclusion criterion in many previous randomized trials investigating such effects (Cedrin-Durnerin et al., 2007; Huirne et al., 2006; Kolibianakis et al., 2006; Rombauts et al., 2006) . OCs used for cycle scheduling in women with regular menses were suggested to have a remnant adverse effect on outcomes after fresh embryo transfer (Griesinger et al., 2010; Smulders et al., 2010) . Frozen embryo transfer (FET) has been increasingly used and an elective freeze-all strategy has recently been advocated (Shapiro et al., 2014; Weinerman and Mainigi, 2014) . However, the effect of OCs or progestin use prior to ovarian stimulation on outcome of FET is unclear. We recently completed a large multicenter randomized controlled trial of fresh embryo transfer vs elective FET in women with PCOS (Frefro-PCOS) , during which the methods used for cycle scheduling were prospectively documented. In the present study, a secondary analysis was performed to see whether the primary outcome of live birth was affected by OCs or progestins pretreatment before ovarian stimulation.
Materials and Methods

Study population
Frefro-PCOS was conducted during June 2013 and July 2015 across 14 centers in China. The conduct of the original study was approved by the ethics committees of Reproductive Medical Center of Shandong University and other study sites. The rationale, design and conduct of this trial and main outcomes have been previously reported in detail Shi et al., 2014) . Briefly, 1508 infertile women with PCOS undergoing their first cycle of IVF or ICSI were enrolled. PCOS was diagnosed by the presence of menstrual disturbance combined with either hyperandrogenism (hirsutism or hyperandrogenemia) or polycystic ovary on ultrasonography (defined as either an ovary that contains ≥12 antral follicles or ovarian volume >10 cm 3 ), and exclusion of other causes of hyperandrogenism and ovulation dysfunction (Shi et al., 2014) . Subjects with a history of unilateral oophorectomy, recurrent spontaneous abortion (defined as three or more previous spontaneous pregnancy losses), congenital or acquired uterine malformations, abnormal parental karyotypes or medical conditions that contraindicated assisted reproductive technology and/or pregnancy were excluded.
Study procedures
At the discretion of local investigators, subjects were instructed to wait for spontaneous menses, or were prescribed progestins for 6-10 days or low-dose monophasic combined OC pills daily for 21-25 days to induce menstruation. The assignment was not randomized, but was based on physicians' habitual practice and/or patients' preference. Two kinds of progestin were used: micronized progestin 200 mg/d or dydrogesterone 20 mg/ d. Three kinds of OCs were used: ethinyl estradiol (0.03 mg) and desogestrel (0.15 mg), ethinyl estradiol (0.035 mg) and cyproterone acetate (2 mg), ethinyl estradiol (0.03 mg) and drospirenone (3 mg). There was not a standard for choosing the types of OCs or progestins and the choices were mainly based on local physicians' habitual practice and patients' preference. GnRH antagonist protocol was used for ovarian stimulation in all subjects. The detailed regimen for ovarian stimulation had been previously described Shi et al., 2014) . Briefly, recombinant FSH (Gonal-f; Merck Serono, Geneva, Switzerland) was initiated at Days 2-3 of the induced or spontaneous menstrual cycle. HMG (Menopur, Ferring, Switzerland) could be added by the discretion of local investigators, and the indication to do so was not standardized. GnRH antagonist (Cetrorelix; Merck Serono, Darmstadt, Germany) at a daily dose of 250 μg was started when the largest follicle exceeded 12 mm. hCG was administered to trigger oocyte maturation when two or more follicles were ≥18 mm. Oocyte retrieval was performed 34-36 h after hCG injection. Subjects in the fresh embryo transfer arm underwent Day-3 fresh embryos transfer. Subjects in the FET arm had all embryos cryopreserved and underwent a transfer of Day-3 frozen embryos into the endometrium prepared by artificial cycle . Up to two embryos were transferred for both arms. Endometrial preparation started from Day 2 to 3 of the second menstruation after oocyte retrieval. Again, at the discretion of local investigators, women were instructed to wait for spontaneous menses or prescribed with OCs or progestin to induce menses before endometrial preparation. Oral estradiol valerate (Progynova, Delpharm Lille) and subsequent intramuscular progesterone were used to prepare the endometrium. The procedure of embryo transfer was the same in both groups and performed by experienced physicians. Luteal phase support was administered in both fresh embryo transfer and FET groups till 10 weeks after conception.
Outcome
The outcomes included the rates of live birth, clinical pregnancy and pregnancy loss after the first transfer. The parameters of ovarian response were also analyzed. The definitions of these outcomes were described previously .
Statistical analysis
We compared the IVF outcomes among women with spontaneous menses (control group), women with progestins-induced menses (P group) and women with OC-induced menses (OCs group). The interaction effect between method for menses and type of transfer was tested to assess whether the effect of OCs or progestin pretreatment varies between the fresh embryo transfer and FET arms. Chi-square test was used to compare the distributions of categorical variables among study groups, and Fisher's exact test was used when a cell count was <5. Continuous variables were summarized as the mean ± standard deviation for normally distributed variables and as median and range for non-normally distributed variables in each group and were compared by one-way ANOVA test or by KruskalWallis test when necessary. Multivariate logistic regression was used to adjust the effect of baseline characteristics and treatment arms. Two-sided alpha level of 0.05 was considered statistically significant without correction for multiple comparisons. All analyses were performed with the use of SPSS software (SPSS Inc., Version 21.0, Chicago, USA).
Results
Baseline characteristics
Of these 1508 women, 323 had spontaneous menses, 283 had progestin-induced menses and 902 had OC-induced menses before ovarian stimulation ( Supplementary Fig. S1 ). Women with OCinduced menses were slightly younger than the other two groups ( Table I ). The duration of infertility, BMI and total antral follicle count were higher in women with progestin-induced menses than the other two groups. The level of total testosterone was lower in women with spontaneous menses than the other two groups. The major indication for IVF was concomitant tubal factor in all groups.
Ovarian response
The duration of exogenous gonadotropin stimulation and the total dose of gonadotropin consumed were comparable among these three groups (Table II) . The levels of estradiol and LH on the day of hCG trigger were different between groups, which were highest in women with progestin-induced menses and lowest in women with OC- Non-normally distributed variables were described as median [range] . c Post hoc analyses showed significant differences compared with the other two groups. The other comparison was not significant. d The number in brackets following mean ± standard deviation indicates the number of complete observations which is below the number of the group.
was lower in women with OC-induced menses than the other two groups. The numbers of oocyte retrieved, embryos on Day 3, and embryos transferred and the incidence of moderate or severe ovarian hyperstimulation syndrome (OHSS) were comparable among these three groups (Table II) .
Rates of pregnancy, pregnancy loss and live birth
Seven women with spontaneous menses (2.2%), six women with progestin-induced menses (2.1%) and twenty-one women with OCinduced menses (2.3%) did not undergo embryo transfer mainly due to no embryos obtained or personal issues (Supplementary Fig. S1 ).
There were significant interaction effects between methods for menses and the type of transfer (fresh or frozen embryo) on conception rate (P = 0.006) and clinical pregnancy rate (P = 0.008), indicating that the effects of OCs pretreatment on conception and pregnancy differed between fresh embryo transfer and FET. Such interaction effects were not significant on the rates of pregnancy loss (P = 0.207) or live birth (P = 0.143).
With Figs 1A and 2B) . The pregnancy loss rate after fresh embryo transfer was similar among these three groups (29.2%, 29.1% and 34.6% for control group, P group and OCs group, respectively, P = 0.458, Fig. 1A) .
With freeze-all and FET, the rates of conception (71.0%, 65.2% and 70.5% for control group, P group and OCs group, respectively, P = 0.461) and clinical pregnancy (68.5%, 58.0% and 61.1% for control group, P group and OCs group, respectively, P = 0.136) were similar among these three groups (Fig. 1B) . Nonetheless, women with OCinduced menses had a higher rate of pregnancy loss after FET than women with spontaneous menses and progestin-induced menses (27.7% vs 13.0% and 18.9%, P = 0.004, Figs 1B and 2C and D) . The live birth rate after FET in women with OC-induced menses, progestin-induced menses and spontaneous menses approached a significant difference (49.4%, 50.7% and 60.2% respectively, P = 0.06, Fig. 1B) . Post hoc analyses showed that the live birth rate in women with OC-induced menses was lower than women with spontaneous menses (RR: 0.82, 95% CI: 0.70-0.96).
For women who underwent FET, OCs or progestins were prescribed again in some to induce menses before endometrial preparation. To distinguish the confounding effect of OCs or progestins used before endometrial preparation for FET from effect of usages before ovarian stimulation, we subdivided each group into three subgroups according to menses-induction methods before endometrial preparation (Supplementary Table S1 ). We found that OC-induced menses before endometrial preparation was associated with a thinner endometrium before FET. However, the rates of pregnancy, pregnancy loss and live birth were all comparable among subgroups with spontaneous menses, progestin or OC-induced menses before endometrial preparation.
In women with OC-induced menses, freeze-all and FET resulted in significantly higher rates of conception, clinical pregnancy and live birth compared with fresh embryo transfer (Table III) . In women with progestin-induced menses, the rates of conception, clinical pregnancy, pregnancy loss and live birth were comparable between fresh embryo transfer and FET (Table III) Non-normally distributed variables were described as median [range] . c Post hoc analyses showed significant differences between any two groups. Post hoc analyses showed significant differences compared with the other two groups. The other comparison was not significant. OHSS, ovarian hyperstimulation syndrome.
In our multivariable logistic regression, we adjusted for age, duration of infertility, BMI, primary or secondary infertility, total antral follicle count, LH/FSH ratio, total testosterone, indications for IVF and fresh embryo transfer or FET group. OCs use for menses induction was still significantly related with lower rates of clinical pregnancy and live birth as well as a higher rate of pregnancy loss compared with spontaneous Table S2 ). Progestin use for menses induction was not significantly related to any of these outcomes.
Discussion
In women with PCOS, we found that OCs used for menses induction before ovarian stimulation were associated with lower rates of clinical pregnancy and live birth after fresh embryo transfer; however, progestins for this purpose were not related with adverse effects on these outcomes compared with spontaneous menses. By performing freezeall and FET, the adverse effect of OCs pretreatment on the live birth rate was greatly reduced though it was still associated with a higher pregnancy loss rate.
OCs and progestin inhibit endogenous gonadotropin secretion through negative feedback (Cohen and Katz, 1979) . Although it was suggested that gonadotropin secretion recovered as early as 5 days after pill cessation (Cedrin-Durnerin et al., 2007) , there was evidence that the conception rate in the first 3 months was lower after cessation of OCs use than that after discontinuation of other contraceptive methods, which suggested lasting effect on the following cycles after OCs use (Linn et al., 1982) . We found that OCs used for menses induction had a remnant adverse effect on the subsequent fresh embryo transfer cycle. During ovarian stimulation, serum levels of LH and estradiol and endometrial thickness remained lower in women with OC-induced menses than those with spontaneous menses or progestin-induced menses. This finding was consistent with a previous study, which reported the lower level of LH related with OCs pretreatment persisted from the beginning of ovarian stimulation till the day of hCG trigger (Kolibianakis et al., 2006) . OC-induced menses was associated with decreased endometrium thickness in the ensuing cycle, which was evidenced by thinner endometrium on day of hCG trigger and before FET. We found that rates of pregnancy and live birth after FET were not affected by OCs used for scheduling endometrial preparation, though it was related to a thinner endometrium. This finding was consistent with another study, which found no effect of OCs used for scheduling FET cycle on pregnancy rate (Ozgur et al., 2016) . The underlying mechanism was unclear. However, it has been reported that OCs treatment induces a maturation advance in endometrium histological dating (Creus et al., 2003) . Ovarian stimulation was also associated with advancement of endometrium maturation (Shapiro et al., 2011) . Speculatively, the remnant effect of OCs may aggravate the effect of ovarian stimulation on the asynchrony between endometrium and embryo during fresh embryo transfer, which consequently resulted in lowered rate of clinical pregnancy. However, during FET, with the recovery from the supra-physiological hormone exposure, the remnant effect of OCs used for scheduling endometrial preparation alone may not be enough to affect endometrial maturation or the ensuing pregnancy rate. However, the increased pregnancy loss rate after FET suggested that OCs pretreatment may also adversely affect oocyte and/or embryo quality. LH was shown to be essential for normal follicle development and oocyte maturation in a natural cycle (Hillier, 2001 antagonist cycles, lower LH levels were found to be associated with a higher rate of early pregnancy loss in patients with OCs pretreatment (Meldrum et al., 2009) .
Progestin-induced menses was associated with similar rates of pregnancy and live birth after either fresh embryo transfer or FET compared with spontaneous menses. A meta-analysis showed in GnRH agonist cycles that progestin pretreatment was associated with higher clinical pregnancy rate than placebo or no pretreatment (Smulders et al., 2010) . Our results showed that progestin-induced menses was associated with higher levels of estradiol and LH and comparable endometrial thickness on the day of hCG trigger than spontaneous menses. However, the mechanism is unclear and warrants further studies.
The present study had the following strengths. The data were prospectively collected from 14 centers and thus enhanced the extrapolation of the results. The long-term follow-up of the cohort allowed us to provide information on the most clinically important outcomes, i.e. live birth rate, which has been recommended by expert consensus in infertility studies (Legro et al., 2014a) .
There are also limitations of our study. First, OCs or progestins administration was not randomly assigned, but given at the discretion of local investigators, selection bias was highly likely as suggested by the baseline differences in our post hoc groups. However, compared with women with spontaneous menses, women with OC-induced menses were slightly younger and had higher levels of testosterone. Women with progestin-induced menses had a longer duration of infertility, higher BMI, more antral follicles and higher testosterone levels. In general, given these differences in baseline characteristics, women with progestin-induced menses were expected to have lowest rate of live birth. In contrast, our results revealed that the rate of live birth was lowest in women with OC-induced menses. Thus, the differences in outcomes were unlikely solely related to selection bias. Nonetheless, our results need to be confirmed by randomized controlled trial. Second, the mean BMI of the studied population was relatively normal, which was lower than that in some other ethnic PCOS populations (Legro et al., 2014b) , such that there may have been relatively increased serum levels of synthetic hormones (Edelman et al., 2009 ). However, a recent Cochrane meta-analysis did not find increasing BMI that impacted the effectiveness of hormonal contraceptives (Lopez et al., 2016) . The applicability of our results to obese PCOS women needs to be confirmed in future studies. Third, three types of OCs with different components of progestin were used in this study. Whether the effect of different OC types was varied is unclear due to the small sample size in each OCs subgroup. The interactions between OCs pretreatment and FET vs fresh embryo transfer on rates of live birth were not statistically significant, and the difference in live birth rate after FET was not statistically significant between OCs group and control group, which may due to the insufficient sample size. Additionally, multiple tests performed in this study increase the risk of Type I error. Further studies are needed to reinforce our findings.
In summary, our results suggest that either waiting for a spontaneous menses or using progestin is a better option than using OCs to induce menses in women with PCOS prior to ovarian stimulation using GnRH antagonist protocol for IVF. PCOS women using OCs had a lower live birth rate after fresh embryo transfer when compared with women using progestin for inducing menses or those with spontaneous menses. This difference, however, was not observed in the group who received an FET. These results should be interpreted with caution, as there is a high likelihood of selection bias because of the study design and significant differences that were observed in the characteristics of the women in the different groups.
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